1. INTRODUCTION {#sec1-1}
===============

The prevalence of hospitalized pressure ulcers varied between 1.25% and 18.5%, but the majority of studies revealed more than ten percent ([@ref1]-[@ref4]). About 10.3-76.6% of these were acquired in the hospital, and 36.3% of the patients had pressure ulcers at more than one site ([@ref1]).

The malnutrition was a common problem in hospitals and a predictor of pressure ulcers ([@ref5]-[@ref7]). Subsequently, many screening tools were developed for detection of undernutrition or malnutrition status, for example, Nottingham Hospital Screening Tool (NS) ([@ref8]). A tertiary hospital in Thailand used NS for screening and classified inpatients according to their nutrition status. Then, they prioritized malnourished patients for an appropriate nutritional care plan. Since many studies revealed, that supplemental nutrition could promote pressure ulcer healing ([@ref7], [@ref9], [@ref10]). Then, the patients with pressure ulcers need nutrition-status monitor; for example, NS score.

This study conducted in a tertiary hospital because there were a large mixed population and few studies held near Thai-Cambodian border. The people in this area had low average income compared to another part of the country ([@ref11]). Also, the patients with pressure ulcers need long term care and multidisciplinary approaches.

2. AIM {#sec1-2}
======

Aim of study was to estimate the prevalence of pressure ulcers and the effects of nutritional factors on pressure ulcer closure.

3. PATIENTS AND METHODS {#sec1-3}
=======================

The retrospective study was conducted in a tertiary public hospital with 652 beds in the northeast region of Thailand. The hospital medical record census was reviewed for seven years (2008-2014) with subsequent data collection. Inclusion criteria were those patients over fifteen years, admission in the departments of Surgery, Orthopedics or Medicine. 424 patients had pressure ulcers (with ICD-10TM by codes or terms of "L-89 or (area, skin ulcer) or (necrosis (chronic) (skin)) or (sore (chronic) or ulcer (chronic))"). Concerning, missing medical charts ([@ref3]), burn ulcers ([@ref1]), neuropathic/diabetic ([@ref2]) or ischemic ulcers ([@ref1]) and admissions lasting fewer than twenty-four hours ([@ref7]), these were exclusion. Finally, the eligible records for analysis were 410 patients. ([Figure 1](#F1){ref-type="fig"})

![Data extraction (2008-2014)](MSM-29-196-g001){#F1}

The study was retrospective cohort analytical design on the hospital database (see Study profile). The outcome of interest (dependent variable) was wound closure success. All cases had the standard wound care according to their nutritional and general status until they were fit to be discharged or referred to the community hospitals.

The independent variables were nutritional factors, basic characteristics of patients, and pressure ulcers. The nutritional factors were the duration of nutritional support, cumulative nothing per oral (NPO) days, cumulative caloric deficit, Nottingham Hospital Screening Tool (NS, see [Appendix](#T1){ref-type="table"}), and serum albumin. NS was the interesting variable in this study.

###### 

Items of Nottingham Hospital Screening Tool (NS)
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Patient baseline characteristic variables included age, gender, occupation, incontinence, sepsis, co-morbidities and Charlson Age-Comorbidity Index (CACI); additionally, microbial factors and chemistry variables comprised of a number of microbial resistant drugs, and hemoglobin. Moreover, the pressure ulcer variables incorporated the number, area, stage, and frequency of debridement of ulcers, and the Braden scale ([Table 1](#T2){ref-type="table"}). These variables were significant predictors for wound healing reported in many previous studies with operational definitions ([@ref12]-[@ref14]).

###### 

Baseline characteristics and univariable analysis between successful and non-successful pressure ulcer closures
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'Duration of nutritional support' was defined as the sum of the days during which patients had both an ordinary diet and an extraordinary diet by all feeding routes (oral (self-eat), enteral, parenteral).

'The cumulative caloric deficit' was reviewed from the medical record, for caloric balance. We calculated the formula as the sum of the daily caloric intake minus the predicted total energy expenditure (TEE) in kilocalories. The predicted TEE was a weight-based formula or assuming 25 kcal/kg/day which was close to values from the predicted equations ([@ref15], [@ref16]). Nevertheless, patients were presumed to take all of the hospital diets completely.

The caloric intake was based on the routine hospital diet and supplemental diet by prescription. Types of the diet consisted of the regular diet, the soft diet, and the general formula blended diet providing energy of 1,800 kcal/day, 1,500 kcal/day, and 1 kcal/ml respectively, and the supper served in the morning and afternoon. The supplemental diet was delivered via three routes: oral (high protein or commercial diet), enteral, and parenteral (plus intravenous fluid).

Their nutritional status was assessed with the 'Nottingham Hospital Screening Tool (NS)'([@ref17]) which was used in all the inpatients of this setting. Regarding the multiple assessments, we chose the risk score at the first record for analysis. Because of a no NS record, that observation was deleted (The details of the scoring scheme was displayed in Appendix).

'Sepsis' was defined as a non-specific inflammatory response presenting signs of a microbial process. This study adopted two diagnostic criteria: documented or suspected infections and systemic inflammatory responses (SIRSs). SIRSs had the following clinical criteria: core temperature \> 38.3°C or \< 36.0°C, heart rate \> 90 /min., tachypnea and altered mental status ([@ref18], [@ref19]).

The Charlson Age-Comorbidity Index was a score calculated by using the patient's comorbid medical conditions to predict health outcomes. It had sixteen comorbidity components and taking into account differences across age ([@ref20]).

The Braden scale is a summated rating scale of six elements measuring functional capability. Its elements are sensory perception, moisture, activity, mobility, nutrition, friction, and shear. Each subscale has a score from 1 to 4, except the last item, which has a 1 - 3 range. The total scores range from 6 to 23. A low Braden Scale Score indicates low functioning and points to a high risk of pressure ulcer development ([@ref21]).

The analysis was conducted using STATA (V.14). The repeated-measure variables were BMI, hemoglobin, albumin, blood urea nitrogen, creatinine, the Braden scale score, and NS. We specified the first data on admission. Missing data were replaced with median values.

To determine how much NS affects wound closure success, we first applied an empty model with no explanatory variables ([Table 2](#T3){ref-type="table"}) We selected 'Cox regression analysis' because of time-related, significant effect, and unknown post-hospital outcome. The proportional hazard assumption was assessed by a graph plot and statistical test. The time set was 'duration of wound preparation' (duration from NS measurement to outcome existing or censoring). The event set was 'ulcer closure or discharge. We selected the significant independent variables incorporated into the multivariable model based on theory and objectives. There were three sub-groups in each model: sepsis, comorbidities of the nervous system and spinal cord ([Table 3](#T4){ref-type="table"}). Finally, adjusted Hazard Ratios (HR) estimated the effect of NS, nutritional factors, and sepsis on wound closure success. The study protocol obtained approval from the ethical committee of Surin Hospital.

###### 

Nutritional factors and univariable analysis between successful and non-successful pressure ulcer closure P value estimated by Fisher's exact probability test
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###### 

Multi-variable analysis^a^ for nutrition variables on pressure ulcer closure with subgroup analysis. a=Cox's regression; b = Adjusted by age, gender, Braden score and Charlson Age-Comorbidity Index (CACI)
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4. RESULTS {#sec1-4}
==========

Prevalence of pressure ulcers in the departments of surgery, orthopedics, and medicine was 1.1 to 2.2/1,000 person-year, and the overall prevalence was 1.7/1,000 person-year ([Table 4](#T5){ref-type="table"}). The success of ulcer closure was 7% (28/410), and 77% (314/410) of non-closure patients required non-closure procedures or excision debridement in the operating room. The others (16%, 68/410) were no need for surgery. Patients' status improved by 87% (355/410) at discharge, while the crude death rate was 8% (34/410) and the rate of no improvement was 5% (21/410). Non-closure procedures had a frequency of none (96/410 = 23%), one time (265/410 = 65%) and two times (33/410 = 8%). Additionally, co-morbidity had an element (paraplegia, hemiplegia, and quadriplegia) in the ulcer-closure group (63%) and the non-closure group (67%).

###### 

Prevalence of pressure ulcers by years. a = The department of Surgery, Orthopedics, and Medicine.
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Compared to the ulcer-closure group, the non-closure ulcer group tended to be significantly older (60 vs. 41, p=0.001) and had a high percentage of farmers and individuals with no income (p=0.002). Moreover, the Charlson Age-Comorbidity Index and the Braden scale score were also significantly different (4 vs. 2, p=0.006 and 13 vs. 15, p=0.001).

The non-closure group had a higher proportion of multiple ulcers (46% vs. 29%, p = 0.078), but nutritional support was of shorter duration than the other group (0 vs. 10, p=0.001). Furthermore, the ulcer-closure group had a better nutritional status (NS score) (2 vs. 3, p=0.015). Nevertheless, cumulative NPO and caloric deficit were nonsignificant in both groups (1/1, p=0.228 and -2,338/-8,000, p=0.061).

Compared to the ulcer-closure group, non-closure ulcer group was found to have a significant wound sepsis (p=0.040), and more antibiotic resistance (1/0.5, p=0.653). Moreover, they had less hemoglobin and albumin in a non-closure ulcer (9.4/9.9, p=0.175 and 2.5/2.5, p=0.001, respectively). Lastly, they had more leukocytosis, but less lymphocyte count (11,300/9,370, p=0.016 and 1,337/1,690, p=0.039).

Kaplan-Meier estimates showed more than 50% probability of ulcer closure in low and moderate risks whereas few ulcers could be closure in high risk ([Figure 2](#F2){ref-type="fig"}).
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We ran the Cox regression in four main models and two sub-group analyses in each model. The final model of the main effect included NS score, cumulative NPO, duration of nutritional support, and serum albumin. The subpopulation were those who had sepsis and spinal cord co-morbidities ([Table 3](#T4){ref-type="table"}). All models were adjusted for age, gender, Braden score, and CACI.

Model 1: NS score and wound-closure success had an adjusted hazard ratio (HR) = 0.355 (95%CI: 0.187, 0.674, p=0.002). The significant subgroups were sepsis and spinal cord with adjusted HR=0.312 (95%CI: 0.140, 0.695, p=0.004) and 0.420 (95%CI: 0.184, 0.958, p=0.039). The other models resulted in insignificant effect.

5. DISCUSSION {#sec1-5}
=============

The prevalence of pressure ulcers was quite low in our study comparing to the other studies ([@ref22]-[@ref24]). The possible reasons may be a meager incidence rate and different care setting among hospitals, home cares, and referral policy.

The nutritional factor is an establishing main predictor for pressure wound closure. Hence this study has explored this effect, and we found that only the NS score had a significant result by Cox's regression models. Ulcer-closure probability dropped 64% for each increased level of NS risk (p=0.002), while ulcer-closure probability increased by 21% for each one gm/dL of serum albumin rising (p=0.065).

Most of the patients were farmers and people who had no income. They presented with principal primary diseases of the nervous system (with CVA) and spinal cord. About sixty percent of participants had immobility factors, and then the Braden score was a dominant predictor in this study. Interestingly, outcomes of brain lesion (older age) and spinal cord lesion (younger age) were in contrast; the last outcomes were better than the other. Moreover, sepsis proved to be a critical factor in ulcer-closure success. As shown in subgroup analysis, sepsis and the spinal cord comorbid had a different effect and statistical significance on adjusted HR, therefore, these were evidentiary confounders ([Table 3](#T4){ref-type="table"}).

Interestingly, the caloric deficit per day revealed higher success in ulcer-closure but non-statistical significant effect. This finding could be accounting for other factors: younger, less chronic diseases/sepsis and more mobility (Braden scores) together with the positive healing effect ([@ref25]-[@ref28]).

Moreover, chronic wounds increase metabolic demands due to metabolic response to injury. These patients need both energy and protein to maintain lean body mass, especially no intake (NPO) or low intake in elderly. Then, nutritional support was a crucial factor to promote wound healing ([@ref10], [@ref27]).

Limitation of the study was a low event rate which may have resulted from infrequent prevalence. Also, we did not follow up with patients after they were discharged from hospital because this is a retrospective study. Nevertheless, we used survival analysis to analyze all cases. According to the low outcome, the meager event rate in high-risk NS and cardiovascular co-morbidity resulted in a statistical limitation ([Table 3](#T4){ref-type="table"}).

Moreover, this study could not measure NS score and laboratory values regularly, and surgeons had a variety of treatment regimes, which may alter management and timeframe.

The strength of this study is a census from single center including large sample size. The hospital has a typical setting of the common public hospital with the special team for nutritional surveillance and standard clinical management. Whereas the weakness of the study is a gateway for nutritional data collection, and this study was in a period of hospital software transition.

6. CONCLUSION {#sec1-6}
=============

The average prevalence of pressure ulcers in Thailand was 1.7/1,000 persons-year. The significant independent variables were age, gender, occupation, nervous system and spinal cord co-morbidities, CACI, Braden score, sepsis, and nutritional factors (NS score, duration of nutritional support, and serum albumin). According to the multivariable analysis of nutritional factors, only NS risk showed a significant effect on ulcer-closure success. The confounders were sepsis and spinal cord co-morbidity.
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